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Executive Summary

The Baseline Human Health Risk Assessment for the Newark Bay Study Area, referred to herein as the
Baseline Human Health Risk Assessment (BHHRA), has been prepared as part of the Newark Bay Study
Area (NBSA) remedial investigation/feasibility study (RI/FS). The BHHRA and RI/FS are being conducted by
Glenn Springs Holdings, Inc. (GSH) on behalf of Occidental Chemical Corporation (the successor to
Diamond Shamrock Chemicals Company [formerly known as Diamond Alkali Company]) pursuant to the
Administrative Order on Consent (AOC) under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA Index 02-2004-2010; USEPA 2004a). The BHHRA meets the
requirements of the AOC and National Contingency Plan (NCP) (USEPA 1990). This report describes the
approach, methods, and assumptions used by GSH to conduct the BHHRA, in accordance with U.S.
Environmental Protection Agency (USEPA) risk assessment guidance.

The primary purpose of a BHHRA is two-fold: (1) provide risk managers with an understanding of potential
current and future human health risks in the absence of remediation or exposure controls, including
uncertainties (USEPA 1989, 1991d), and (2) provide the public with information regarding human health
risks. The BHHRA for the NBSA uses available data and information from recent site-specific studies in a
risk-based framework to characterize potential human health risks currently and in the future, consistent with
USEPA guidance (1989, 1991d, 2005a). The BHHRA has been performed in a manner consistent with the
Revised Pathways Analysis Report (Revised PAR) for the NBSA (Battelle 2018), and addresses comments
and revisions on draft Risk Assessment Guidance for Superfund (RAGS) Part D tables provided by USEPA,
USEPA review of responses to comments on the draft RAGS Part D tables, and agreed-upon resolutions to
draft RAGS Part D tables (USEPA 2017a, 2017b, 2017c, 2018a, 2018b, 2018c).

ES.1 Summary of Key Findings
Consumption of fish or crab represents the primary source of risk to human health in the NBSA. For anglers
who routinely consume their catch, the potential cancer risks exceed the NCP risk range of 106 to 10 used

by USEPA to determine whether a site poses an unacceptable risk, and the noncancer hazards are above
the goal of a noncancer hazard index equal to 1. These results are summarized below.

Newark Bay BHHRA ES-1
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Summary of Key Findings
Angler/Sportsman - Fish Consumption (a)

RME CTE
Combined Combined
Child Adolescent Adult Adult/Child Child Adolescent Adult Adult/Child
Cumulative 3E-04 3E-04 6E-04 8E-04 9E-06 1E-05 2E-05 3E-05
Cancer Risk
PCB-126: 31% (38% for all DL-PCBs) PCB-126: 35% (43% for all DL-PCBs)
Primary 2,3,7,8-TCDD: 28% (33% for all PCDD/Fs) 2,3,7,8-TCDD: 29% (34% for all PCDD/Fs)
Contributors | Non-DL PCBs: 18% Non-DL PCBs: 10%
(b) Arsenic, inorganic: 4% Arsenic, inorganic: 6%
Dieldrin: 3% Dieldrin: 3%
Cumulative
Noncancer 4E+01 3E+01 3E+01 NA 4E+00 2E+00 2E+00 NA
HI
Non-DL PCBs: 32% Non-DL PCBs: 31%
Primary PCB-126: 21% (26% for all DL-PCBs) PCB-126: 20% (25% for all DL-PCBs)

Contributors

(b)

2,3,7,8-TCDD: 19% (22% for all PCDD/Fs)
Methyl mercury: 6%

2,3,7,8-TCDD: 17% (20% for all PCDD/Fs)
Methyl mercury: 8%

4,4'-DDD: 5% 4,4'-DDD: 4%
Noncancer Reproductive (DL compounds)
E;g(l:tg with mg%igggiég?;_m PCBs) Reproductive (DL compounds)
HI>1 Neurological (Methyl mercury)
Notes:

Shading indicates that the cumulative potential carcinogenic risk exceeds 10-4, or one or more target organ-specific hazard

indices exceed one.

(a) Cumulative cancer risks differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration
(Kaplan-Meier [KM] TEQ calculator vs. manual calculations); therefore, the results presented are those based on the KM TEQ

calculator.

(b) Primary contributors for cancer risk are based on the combined adult/child scenario and primary contributors for noncancer

hazard index are based on the child scenario.

Newark Bay BHHRA
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Crab Consumption

Summary of Key Findings
Angler/Sportsman - Crab Consumption (a)

RME CTE
Combined Combined
Child Adolescent | Adult | Adult/Child | Child | Adolescent | Adult | Adult/Child
Cumulative 3E-04 3E-04 6E-04 8E-04 2E-05 2E-05 4E-05 5E-05
Cancer Risk
Primary 2,3,7,8-TCDD: 52% (60% for all PCDD/Fs) 2,3,7,8-TCDD: 54% (63% for all PCDD/Fs)

PCB-126: 19% (23% for all DL-PCBs)
Non-DL PCBs: 8%
Arsenic, inorganic: 6%

PCB-126: 20% (24% for all DL-PCBs)
Arsenic, inorganic: 6%
Non-DL PCBs: 4%

Contributors

(b)

Cumulative

Noncancer 3E+01 2E+01 2E+01 NA 5E+00 3E+00 3E+00 NA
HI

Primary 2,3,7,8-TCDD: 44% (51% for all PCDD/Fs) 2,3,7,8-TCDD: 44% (51% for all PCDD/Fs)

Contributors | Non-DL PCBs: 19% Non-DL PCBs: 19%

(b) PCB-126: 16% (20% for all DL-PCBs) PCB-126: 16% (20% for all DL-PCBs)
Noncancer
Health Reproductive (DL compounds)

Effects with Reproductive (DL compounds)

HI>1

Whole-Body (non-DL PCBs)

Notes:

Shading indicates that the cumulative potential carcinogenic risk exceeds 10-4, or one or more target organ-specific hazard
indices exceed one.

(a) Cumulative cancer risks differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration
(Kaplan-Meier [KM] TEQ calculator vs. manual calculations); therefore, the results presented are those based on the KM TEQ
calculator.

(b) Primary contributors for cancer risk are based on the combined adult/child scenario and primary contributors for noncancer
hazard index are based on the child scenario.

Recreational and Worker Sediment and Surface Water Contact

The potential cumulative cancer risks and noncancer hazards for recreational receptors who visit the NBSA,
including swimmers, waders, and boaters, and have direct contact with accessible surface sediment and
surface water are within or below the NCP risk range and noncancer protection goal for both the RME and
CTE scenarios. The same is true for workers who have direct contact with accessible surface sediment.

ES.2 Summary of BHHRA

The BHHRA was conducted in accordance with USEPA'’s four-step risk assessment paradigm (USEPA
1989):

o Data evaluation and hazard identification
e Exposure assessment

e Toxicity assessment

e Risk characterization.

ES-3
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Each of the four steps is summarized below.
ES.2.1 Data Evaluation and Hazard Identification

The BHHRA was based solely on validated data from the RI/FS program, which were collected in
accordance with Quality Assurance Project Plans (QAPPs) approved by USEPA Region 2. These include:

e 41 accessible surface sediment samples (including field duplicates) from 39 nearshore and mudflat
locations

e 131 near-surface (shallow) surface water samples from six locations in Newark Bay

¢ 95 samples (including duplicates) from five fish species (American eel, bluefish, striped bass, summer
flounder, and white perch)

e 37 samples each of crab muscle only and crab hepatopancreas only.

All data were validated according to approved QAPPs, with nearly all of the data determined to be valid and
acceptable for use in the BHHRA, as qualified. A total of 84 chemicals were identified as chemicals of
potential concern (COPCs) in one or more of these media based on a screening process that considered
carcinogen status, essential nutrient status, frequency of detection, and comparison of maximum
concentrations to risk-based screening levels, consistent with the Revised PAR. These included
polychlorinated dibenzo(p)dioxins and furans (PCDD/Fs), polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons, various pesticides and inorganics, a few total petroleum hydrocarbon (TPH) ranges,
volatile organic compounds (VOCs), and semivolatile organic compounds (SVOCs). An additional 56
chemicals were evaluated qualitatively in the uncertainty evaluation. The COPC screening process was
designed to ensure that chemicals not identified as COPCs are only minor contributors to overall site risks
and noncancer hazards.

ES.2.2 Exposure Assessment

Newark Bay (the Bay) is a 6.3-square-mile enclosed embayment on the western side of the New York/New
Jersey (NY/NJ) Harbor Estuary and is central to one of the most urbanized and industrialized areas in the
United States. The Bay is adjacent to four large cities (Newark, Elizabeth, Bayonne, and Jersey City) and is
fringed on its western side by port facilities, industrial facilities, and Newark Liberty International Airport. On its
northern side, the Hackensack and Passaic Rivers flow into the Bay, while on the southern side, the Bay is
connected to New York Harbor (NY) and Raritan Bay (NJ) through two tidal straits: Kill van Kull and Arthur
Kill, respectively. The NBSA has been defined as the Bay and portions of key ftributaries, including the
Hackensack River, Arthur Kill, and Kill van Kull.

Human use of the NBSA is primarily industrial and commercial. Recreational use is more limited due to
access limitations from the shoreline types (i.e., bulkhead, bridges, sheet piling, and mudflats) and
surrounding urban/industrial/commercial land use. Access for recreation is through available public access
areas and pleasure boating (i.e., from marinas inside and outside of the NBSA). Some consumption of fish
and crab from the Bay has been reported, despite consumption advisories for certain fish species and a ban
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on the harvest and consumption of blue crab from the NBSA (Pflugh et al. 1999). People catch and
consume fish and crab in the Bay, including species identified in the advisories. This has been reported
along the Bayonne waterfront on the eastern side of the Bay; on the pilings of the Central Railroad of New
Jersey/Newark Bay Bridge (also known as Old Bay Bridge), which was demolished in the 1980s; and at
other piers, exposed rocky shorelines, pilings, and docks (Anglerweb.com, accessed April 27, 2017).

Potential receptors and exposure pathways identified for quantitative evaluation in the human health
conceptual site model (HHCSM) for the NBSA include the following:

e Anglers/sportsmen who may be exposed via fish or shellfish' ingestion, dermal contact with sediment
and surface water, and incidental ingestion of sediment and surface water

e Swimmers, waders, and boaters who may be exposed via dermal contact with sediment and surface
water, and incidental ingestion of sediment and surface water

o Workers who may be exposed via dermal contact with sediment and incidental ingestion of sediment.

Potential exposure via inhalation of vapors in outdoor air as a result of volatilization of volatile and
semivolatile organic compounds in sediment and surface water was shown to pose negligible risks to all
receptors by a quantitative screening-level evaluation; therefore, this pathway was excluded from the final
cumulative risk estimates in the BHHRA. Potential exposure via ingestion of waterfowl or species other than
fish and crabs, and potential exposure of residential or transient receptors, are also not included in the
quantitative risk assessment calculations; however, potential risks associated with these exposure pathways
and receptors relative to other pathways and receptors are discussed qualitatively in the uncertainty
evaluation.

Two exposure scenarios are evaluated in the BHHRA, consistent with USEPA (1992a) guidance: a
reasonable maximum exposure (RME) scenario and a central tendency exposure (CTE) scenario. The
intent of the RME scenario is to estimate a conservative exposure case that is above the average case but
still within the range of possible exposures (USEPA 1989, 1992a). The CTE scenario uses average
exposure parameters to calculate the average exposure of an individual. While risk management decisions
are based on the RME scenario (USEPA 1989), these two scenarios provide risk managers with an
estimated range of risks for the exposed population. The exposure assumptions for both scenarios are
intended to reflect exposures under both current and future site uses. The fish and crab ingestion rates
established by USEPA Region 2 (2012a, 2012b) for the Lower Passaic River Study Area (LPRSA) are used
in this BHHRA. Exposure to fish and crab tissue, as well as accessible surface sediment and surface water,
is evaluated on a Bay-wide basis. In addition, the exposure-point concentration (EPC) for both the RME and
CTE scenarios is the lower of the 95 percent upper confidence limit (95% UCL) of the arithmetic mean or the
maximum concentration, consistent with USEPA guidance.

' While multiple shellfish may be present in Newark Bay, ingestion of shellfish is based solely on data for blue crab.
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The BHHRA evaluated a “mixed fish” diet to account for the presence of multiple fish species in Newark Bay
that may be consumed by anglers, which is assumed to comprise equal amounts (20%) of the five species
collected as part of the RI/FS (American eel, bluefish, striped bass, summer flounder, and white perch). A
supplemental analysis of individual fish species diets was included in the uncertainty evaluation. Similarly,
the BHHRA evaluated crab muscle and hepatopancreas tissues combined, to account for the possibility that
the crab is cooked before the hepatopancreas is removed. A supplemental analysis of a crab-muscle-only
diet was included in the uncertainty section. Finally, no cooking loss is considered in the RME scenario for
both fish and crab consumption, which assumes that fat, pan drippings, and cooking juices are consumed.
For the CTE scenario, cooking loss was included for fish consumption (insufficient data are available for crab
consumption).

ES.2.3 Toxicity Assessment

The toxicity criteria used in the BHHRA were selected according to USEPA (2003a; 2018e) guidance,
including cancer and noncancer criteria for oral and dermal exposures. USEPA (2004b) default dermal
absorption factors were used to adjust oral toxicity criteria for evaluating dermal exposure. In addition,
USEPA'’s age-dependent adjustment factors were used to evaluate early-life exposures for chemicals
believed to act by a mutagenic mode of action (USEPA 2005c). Blood lead models were used to evaluate
potential exposure to lead (USEPA 1994a, 1994b, 2017d; Bowers et al. 1994).

For PCDD/Fs and dioxin-like (DL) PCBs (collectively referred to as dioxin-like compounds [DLCs]), cancer
risks and hazard indices were estimated for the individual congeners, as well as in terms of a total toxicity
equivalence (TEQ) for PCDDD/Fs and PCBs (TEQ DF and TEQ PCB, respectively). The toxicity criteria for
these compounds are based on the cancer and noncancer criteria for 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) and congener-specific toxicity equivalency factors (TEFs). The TEQ DF and TEQ PCB were
calculated by two methods: (1) using USEPA’s Kaplan-Meier (KM) calculator (Version 9.1; issued July
2014), or (2) manually based on the TEQ concentration for each congener. The remaining non-DL PCB
congeners were evaluated as a group (Total non-DL PCBs) using toxicity criteria for PCBs (high risk) and
Aroclor 1254 for cancer and noncancer effects, respectively. Cumulative risk/hazard estimates are
presented based on KM TEQs, as well as based on TEQs calculated manually. As discussed further below,
there is essentially no difference in the risk/hazard estimates between the two methods; however, the latter
method allows for identification of the specific congeners that contribute most to the overall risk/hazard.

ES.2.4 Risk Characterization Results

The estimated cancer risks were compared to the NCP risk range of 106 to 104, and estimated noncancer
hazards were compared to a hazard index of 1 (USEPA 1991d). In addition, noncancer hazard indices
greater than 1 were further evaluated on a target-organ-specific basis (USEPA 1989). Tables ES-1 through
ES-4 below present the RME and CTE cumulative cancer risks and total noncancer hazard indices for all
receptors and exposure pathways quantitatively evaluated in the BHHRA; additional details for the receptor
age group with the highest potential cancer risk and noncancer hazard are presented following the tables.
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Table ES-1
Summary of Receptor/Exposure Pathway Cancer Risks for NBSA Baseline Human Health Risk Assessment (a)
Reasonable Maximum Exposure (RME)
Receptor Accessible Crab Muscle &
Population Age Group Surface Sediment Surface Water Mixed Fish Diet (b) Hepatopancreas
Child Pathways Incomplete 3E-04 3E-04
Adolescent 2E-06 8E-08 3E-04 3E-04
Angler/Sportsman
Adult 4E-06 5E-08 5E-04 6E-04
Adult/Child (c) 4E-06 5E-08 8E-04 8E-04
Child 1E-06 2E-07
Adolescent 2E-06 5E-07
Swimmer
Adult 1E-06 1E-07
Adult/Child (c) 2E-06 3E-07
Child 1E-06 3E-08
Adolescent 2E-06 7E-08
Wader
Adult 1E-06 1E-08 Pathways Incomplete
Adult/Child (c) 2E-06 5E-08
Child Pathways Incomplete
Adolescent 2E-06 3E-07
Boater
Adult 4E-07 3E-07
Adult/Child (c) Not Applicable
Worker Adult 3E-06 | Not quantified (d)
Notes:
Shading indicates that the cumulative potential carcinogenic risk exceeds 10-4.
(a) Cumulative cancer risks differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration (Kaplan-Meier [KM] TEQ calculator vs. manual
calculations); therefore, the results presented are those based on the KM TEQ calculator.
(b) Mixed fish diet assumed to consist of equal fractions (20%) of American eel, bluefish, striped bass, summer flounder, and white perch.
(c) Cancer risks for adult and child age groups summed to yield 26-year total exposure duration.
(d) Workers are not expected to have contact with surface water during outdoor activities.
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Table ES-2
Summary of Receptor/Exposure Pathway Cancer Risks for NBSA Baseline Human Health Risk Assessment (a)
Central Tendency Exposure (CTE)
Receptor Accessible Crab Muscle &
Population Age Group Surface Sediment Surface Water Mixed Fish Diet (b) Hepatopancreas
Child Pathways Incomplete 9E-06 2E-05
Adolescent 4E-07 9E-09 1E-05 2E-05
Angler/Sportsman
Adult 6E-07 6E-09 2E-05 3E-05
Adult/Child (c) 6E-07 6E-09 3E-05 5E-05
Child 2E-07 4E-08
Adolescent 3E-07 1E-07
Swimmer
Adult 2E-07 2E-08
Adult/Child (c) 3E-07 5E-08
Child 2E-07 1E-08
Adolescent 3E-07 7E-09
Wader
Adult 2E-07 2E-09 Pathways Incomplete
Adult/Child (c) 3E-07 7E-09
Child Pathways Incomplete
Adolescent 3E-07 8E-08
Boater
Adult 6E-08 5E-08
Adult/Child (c) Not Applicable
Worker Adult 3E-07 | Not quantified (d)
Notes:
Shading indicates that the cumulative potential carcinogenic risk exceeds 10-4.
(a) Cumulative cancer risks differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration (Kaplan-Meier [KM] TEQ calculator vs. manual
calculations); therefore, the results presented are those based on the KM TEQ calculator.
(b) Mixed fish diet assumed to consist of equal fractions (20%) of American eel, bluefish, striped bass, summer flounder, and white perch.
(c) Cancer risks for adult and child age groups summed to yield 12-year total exposure duration.
(d) Workers are not expected to have contact with surface water during outdoor activities.
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Table ES-3
Summary of Receptor/Exposure Pathway Noncancer Hazards for NBSA Baseline Human Health Risk Assessment (a)
Reasonable Maximum Exposure (RME)
Receptor Accessible Crab Muscle &
Population Age Group Surface Sediment Surface Water Mixed Fish Diet (b) Hepatopancreas
Child Pathways Incomplete 4E+01 3E+01
Angler/Sportsman || Adolescent 1E-01 2E-03 3E+01 2E+01
Adult 1E-01 2E-03 3E+01 2E+01
Child 1E-01 9E-03
Swimmer Adolescent 9E-02 1E-02
Adult 3E-02 3E-03
Child 1E-01 1E-03
Wader Adolescent 9E-02 2E-03 Pathways Incomplete
Adult 3E-02 5E-04
Child Pathways Incomplete
Boater Adolescent 9E-02 1E-02
Adult 1E-02 9E-03
Worker Adult 8E-02 Not quantified (c)
Notes:
Total hazard index presented. Shading indicates that one or more target organ specific hazard indices exceed one.
(a) Cumulative noncancer hazards differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration (Kaplan-Meier [KM] TEQ calculator vs.
manual calculations); therefore, the results presented are those based on the KM TEQ calculator.
(b) Mixed fish diet assumed to consist of equal fractions (20%) of American eel, bluefish, striped bass, summer flounder, and white perch.
(c) Workers are not expected to have contact with surface water during outdoor activities.
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Table ES-4
Summary of Receptor/Exposure Pathway Noncancer Hazards for NBSA Baseline Human Health Risk Assessment (a)
Central Tendency Exposure (CTE)
Receptor Accessible Crab Muscle &
Population Age Group Surface Sediment Surface Water Mixed Fish Diet (b) Hepatopancreas
Child Pathways Incomplete 4E+00 5E+00
Angler/Sportsman || Adolescent 4E-02 7E-04 2E+00 3E+00
Adult 4E-02 5E-04 2E+00 3E+00
Child 4E-02 5E-03
Swimmer Adolescent 3E-02 7E-03
Adult 1E-02 2E-03
Child 4E-02 4E-04
Wader Adolescent 3E-02 5E-04 Pathways Incomplete
Adult 1E-02 1E-04
Child Pathways Incomplete
Boater Adolescent 3E-02 5E-03
Adult 4E-03 3E-03
Worker Adult 3E-02 Not quantified (c)
Notes:
Total hazard index presented. Shading indicates that one or more target organ specific hazard indices exceed one.
(a) Cumulative noncancer hazards differ only minimally based on the method for estimating toxicity equivalency (TEQ) concentration (Kaplan-Meier [KM] TEQ calculator vs.
manual calculations); therefore, the results presented are those based on the KM TEQ calculator.
(b) Mixed fish diet assumed to consist of equal fractions (20%) of American eel, bluefish, striped bass, summer flounder, and white perch.
(c) Workers are not expected to have contact with surface water during outdoor activities.
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Fish Consumption

The cumulative potential cancer risk for the RME combined adult/child angler/sportsman who routinely
consumes a mixed diet of self-caught fish over a period of 26 years is 8x104, regardless of TEQ approach.
The primary contributors to the RME cumulative potential cancer risks are 2,3,7,8-TCDD, which contributes
approximately 28% (33% or 34% for all PCDD/Fs, depending on TEQ approach); PCB-126, which
contributes approximately 31% (36 or 38% for all DL-PCBs, depending on TEQ approach); and non-DL
PCBs, which contributes approximately 18 or 19%, depending on TEQ approach. Minor contributors to the
cumulative cancer risk include pesticides (approximately 5%) and inorganic arsenic (approximately 4%);
however, these risks are within or below the NCP risk range. Potential cancer risks associated with direct
contact with accessible surface sediment or surface water are below the NCP risk range for the RME
scenario.

The cumulative potential noncancer HI for the RME child angler who routinely consumes fish from the NBSA
is 40, regardless of TEQ approach. As with excess cancer risk, the primary contributors to the cumulative
potential HI are 2,3,7,8-TCDD, which contributes approximately 19% (22% or 23% for all PCDD/Fs,
depending on TEQ approach); PCB-126, which contributes approximately 21% (24% to 26% for all DL-
PCBs, depending on TEQ approach); and non-DL PCBs, which contribute approximately 32% or 33%,
depending on TEQ approach. The highest target-organ-specific Hl is 20 for reproductive effects (DLCs),
regardless of TEQ approach. The next highest target-organ-specific HI is 10 for whole-body effects (non-DL
PCBs), regardless of TEQ approach. Liver (pesticides) and neurological effects (methyl mercury) are the
only other target-organ-specific Hls greater than 1 (5 and 2, respectively).

The cumulative potential cancer risks for the CTE scenario for mixed fish diet are within the NCP risk range.
For noncancer Hls, the only CTE target organ-specific HI greater than 1 is for reproductive effects (DLCs),

where the Hl is 2, regardless of TEQ approach.

Crab Consumption

The cumulative potential cancer risk for the RME combined adult/child angler/sportsman who routinely
consumes a diet of self-caught crab muscle and hepatopancreas over a period of 26 years is also 8x104,
regardless of TEQ approach. The primary contributors to the RME cumulative potential cancer risks are
2,3,7,8-TCDD, which contributes approximately 52% (59% or 60% for all PCDD/Fs, depending on TEQ
approach); PCB-126, which contributes approximately 19% (23 or 24% for all DL-PCBs, depending on TEQ
approach); and non-DL PCBs, which contributes approximately 8%, regardless of TEQ approach. Minor
contributors to the cumulative cancer risk include inorganic arsenic (approximately 6%) and pesticides
(approximately 2%); however, these risks are within or below the NCP risk range. Potential cancer risks
associated with direct contact with accessible surface sediment or surface water are below the NCP risk
range for the RME scenario.

The cumulative potential noncancer HI for the RME child angler who routinely consumes muscle and
hepatopancreas from the NBSA is 30, regardless of TEQ approach. As with excess cancer risk, the primary
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contributors to the cumulative potential HI are 2,3,7,8-TCDD, which contributes approximately 44% (51% for
all PCDD/Fs, regardless of TEQ approach); PCB-126, which contributes approximately 16% (20% for all DL-
PCBs, regardless of TEQ approach); and non-DL PCBs, which contribute approximately 19%, regardless of
TEQ approach. The highest target-organ-specific HI is 20 for reproductive effects (DLCs), regardless of TEQ
approach. The next highest target-organ-specific Hl is 7 for whole-body effects (non-DL PCBs), regardless
of TEQ approach. The remaining target-organ-specific Hl are equal to or less than 1.

The cumulative potential cancer risks for the CTE scenario for a crab muscle and hepatopancreas diet are
within the NCP risk range. For noncancer Hls, the only CTE target organ-specific HI greater than 1 is for

reproductive effects (DLCs), where the Hl is 4, regardless of TEQ approach.

Direct Contact with Sediment and Surface Water

Cumulative potential cancer risks and noncancer Hls associated with direct contact with accessible surface
sediment and surface water in the NBSA while angling, swimming, wading, or boating, are within or below
the NCP risk range of 106 to 10 and the noncancer protection goal of a HI of 1.

ES.2.5 Identification of Potential Chemicals of Concern

Potential COCs were identified in cases where the potential cumulative cancer risk or noncancer Hl for a
receptor exceeds 10 or 1, respectively. In these cases, potential COCs were any COPC with an individual
pathway cancer risk greater than 106 or noncancer HI greater than 0.1. The following table summarizes the
potential COCs for the RME scenario (no potential COCs were identified for surface water for either the
RME or CTE scenario).

Potential COC Accegsib_le Surface Mixed Fish Diet Crab Muscle and
ediment Hepatopancreas

Dioxin-like Compounds

2,3,7,8-TCDD X X
1,2,3,7,8-PeCDD X

1,2,3,6,7,8-HxCDD X

2,3,7,8-TCDF X X
1,2,3,7,8-PeCDF X X
2,3,4,7,8-PeCDF X X
1,2,3,4,7,8-HxCDF X X
1,2,3,6,7,8-HxCDF X X
Total PCDD/Fs (excluding KM TEQ) X X
Total PCDD/Fs (based on KM TEQ) X X
PCB-77 X X
PCB-105 X X
PCB-118 X X
PCB-126 X X
PCB-156/157 X X
PCB-167 X

PCB-169 X X
Total DL-PCBs (excluding KM TEQ) X X

Newark Bay BHHRA ES-12



Title: NBSA BHHRA Report
Revision Number: 0. Revision Date: January 2019
Executive Summary. Page 13 of 14

Potential COC Accessible Surface | Mixed Fish Diet f.?,fat“ﬁ‘éiﬁ'ﬁé'af
Total DL-PCBs (based on KM TEQ) X X
Non-DL PCBs
Total Non-DL PCBs X X
PAHs
Benzo(a)pyrene X
Dibenz(a,h)anthracene X
Pesticides & Organics
2,4'-DDD X
4,4'-DDD X X
4,4'-DDE X X
Chlordane, alpha (cis) X
Dieldrin X X
Heptachlor epoxide, cis- X X
Heptachlor epoxide, trans- X
Nonachlor, trans- X X
Pyridine X X
Inorganics
Arsenic, inorganic X X X
Cadmium X
Cobalt X X
Copper X
Mercury X X
Methyl Mercury X X

ES.3 Conclusions
Fish and Crab

Consumption of self-caught fish or crab from the NBSA presents the primary source of potential risk to
human health. For the RME scenario, which is intended to represent an upper bound of exposure, the
potential cancer risk and noncancer hazards to anglers/sportsman who are assumed to routinely consume
their catch (34.6 g/day for an adult and 11.5 g/day for a child for fish, or 21 g/day for an adult and 7 g/day for
a child for crab, over a period of 26 years) exceed the NCP risk range of 10-¢ to 10+ and a noncancer
protection goal of an HI of 1. The RME cancer risk for the combined adult/child angler/sportsman is 8x10
for both fish and crab consumption, and the noncancer Hls for the child angler/sportsman are 40 for fish
consumption and 30 for crab consumption.

For the CTE scenario, which is based on average exposure levels (3.9 g/day for an adult and 1.3 g/day for a
child for fish, or 3 g/day for an adult and 1 g/day for a child for crab, over a period of 12 years), the potential
cancer risks for the combined adult/child angler/sportsman who consumes fish or crab from the NBSA are
within the NCP risk range; however, noncancer Hls for the child angler/sportsman are above the noncancer
protection goal (i.e., 4 for fish consumption and 3 for crab consumption).
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The primary COPCs for fish and crab ingestion are 2,3,7,8-TCDD, PCB-126, and non-DL PCBs, with some
pesticides, inorganic arsenic, and/or methyl mercury also contributing to the cumulative risks/hazards for
both the RME and CTE scenarios.

As discussed in Section 7.3.3, there is considerable uncertainty in the TEFs for DL compounds, particularly
for some of the DL-PCBs. Consistent with USEPA (2010a), a sensitivity analysis was conducted to illustrate
the impact of the TEFs on the overall risk estimates and percent contribution of individual congeners or
groups of congeners. For all congeners except 2,3,7,8-TCDD, the lower- and upper-bound TEFs were the
10t and 90t percentiles from in vitro and in vivo studies included in the relative effects potency (ReP)
database (USEPA 2010a). The TEF for 2,3,7,8-TCDD remains constant in all scenarios. Accordingly, while
the estimated risk for 2,3,7,8-TCDD remains constant, the contribution to risk can change, as well as the
relative contribution of all PCDD/Fs, all DL-PCBs, and all PCBs (non-DL and DL-PCBs). For example, for
the combined adult/child angler/sportsman who consumes a mixed fish diet, the percent contribution for
2,3,7.8-TCDD increases from 28% to 44% when using the lower-bound TEFs, but decreases to only 1%
when using the upper-bound TEFs. Conversely, the percent contribution to overall risk for Total PCBs (DL-
PCBs and Non-DL PCBs) increases from 37% when using lower-bound TEFs to 98% when upper-bound
TEFs are used. Similarly, for crab muscle and hepatopancreas consumption, the percent contribution of
2,3,7,8-TCDD increases from 52% to 70% when using the lower-bound TEFs, but decreases to
approximately 2% when using the upper-bound TEFs. The percent contribution to overall risk for Total PCBs
(DL-PCBs and Non-DL PCBs) increases from 16% when using lower-bound TEFs to 96% when upper-
bound TEFs are used (see Section 7.3.3).

The specific species or tissue type(s) that make up a fish or crab diet can influence the estimated risk,
because some species or tissue types have been shown to have higher tissue burdens of bioaccumulative
chemicals than others. Fillet data were collected for the following five fish species from the NBSA: American
eel, bluefish, striped bass, summer flounder, and white perch. The estimated cancer risks associated with
consumption of any combination of these fish species exceed the NCP risk range for the RME scenario, but
not the CTE scenario. The estimated noncancer His exceed the noncancer protection goal of an HI of 1 for
both the RME and CTE scenarios. Importantly, the estimated cancer risks associated with consumption of
crab muscle only are approximately a factor of 6 lower than for muscle and hepatopancreas combined, and
are within the NCP risk range, even for the RME scenario. For noncancer effects, the noncancer Hls for a
muscle-only diet are also approximately a factor of 6 lower than for muscle and hepatopancreas combined,
but remain above the noncancer goal even for the CTE scenario.

Sediment and Surface Water

The cumulative potential cancer risks and noncancer Hls associated with direct contact with accessible
surface sediment and surface water in the NBSA while angling, swimming, wading, or boating are much
lower than those associated with fish or crab consumption and are within or below the NCP risk range of 10-¢
to 10 and noncancer protection goal of an HI of 1.
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1. Introduction

The Baseline Human Health Risk Assessment for the Newark Bay Study Area, referred to herein as the
Baseline Human Health Risk Assessment (BHHRA), has been prepared as part of the Newark Bay Study
Area (NBSA) remedial investigation/feasibility study (RI/FS). The BHHRA and RI/FS are being conducted by
Glenn Springs Holdings, Inc. (GSH), on behalf of Occidental Chemical Corporation (the successor to
Diamond Shamrock Chemicals Company [formerly known as Diamond Alkali Company]) pursuant to the
Administrative Order on Consent (AOC) under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA Index 02-2004-2010; USEPA 2004a). The BHHRA meets the
requirements of the AOC and National Contingency Plan (NCP) (USEPA 1990). This report describes the
approach, methods, and assumptions used by GSH to conduct the BHHRA, in accordance with U.S.
Environmental Protection Agency (USEPA) risk assessment guidance (USEPA 1986a, 1989, 1991a, 1991c,
1991d, 20014, 2003a, 2004b, 2005b, 2005¢, 2009a, 2011, 2014). The BHHRA is also consistent with the
Revised Pathways Analysis Report (Revised PAR) for the NBSA (Battelle 2018). This report addresses
comments and revisions provided by USEPA, USEPA review of responses to comments, and agreed-upon
resolutions (USEPA 2017a, 2017b, 2017¢c, 2018a, 2018b, 2018c).

1.1 Background on NBSA Baseline Risk Assessment Planning
Several documents have been prepared that support the BHHRA for the NBSA. These include:

o Risk Assessment Scoping, Newark Bay Study Area Remedial Investigation, Baseline Human
Health/Ecological Risk Assessment Workshop (Arcadis 2011)

o Newark Bay Study Area Problem Formulation for Baseline Human Health and Ecological Risk
Assessment (Tierra Solutions, Inc. [Tierra] 2013)

¢ Quality Assurance Project Plans (QAPPs) developed for field sampling programs, including sediment,
surface water, and tissue chemistry (Tierra 2014a, 2014b, 2015b; AECOM 2012a)

o Newark Bay Study Area Reconnaissance Survey Report. Baseline Human Health and Ecological Risk
Assessment (Tierra 2015a)

e Proposed Risk Assessment Field Sampling and Analysis Program — Newark Bay Study Area (Arcadis
2015)

e Final Newark Bay Study Revised Pathways Analysis Report (Battelle 2018)

e Conceptual Site Model, Newark Bay Study Area, Revision 3 (GSH 2019)

In addition, the BHHRA has been conducted in accordance with USEPA risk assessment guidance,
including but not necessarily limited to:

¢ Risk Assessment Guidance for Superfund (RAGS) — Human Health Evaluation Manual (Parts A through
F) (USEPA 1989, 1991a, 1991¢, 2001a, 2004b, 2009a)

¢ Human Health Evaluation Manual, Supplemental Guidance: “Standard default exposure factors (USEPA
1991b)

e Guidance for Exposure Assessment (USEPA 1992a)

e Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA 2002a)
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¢ Human Health Toxicity Factors in Superfund Risk Assessments (USEPA 2003a)

e Guidelines for Carcinogen Risk Assessment and Supplemental Guidance for Assessing Susceptibility
from Early-Life Exposures to Carcinogens (USEPA 2005b, 2005c)

e Exposure Factors Handbook (USEPA 2011)

e Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure
Factors (USEPA 2014)

e ProUCL Version 5.1 Technical Guide. Statistical Software for Environmental Applications for Datasets
with and without Nondetect Observations (USEPA 2015a)

e Regional Screening Levels (USEPA 2018d)

1.2 Organization of BHHRA

The BHHRA was conducted in accordance with USEPA'’s four-step risk assessment paradigm (USEPA
1989):

e Data evaluation and hazard identification
e Exposure assessment

e Toxicity assessment

e Risk characterization.

The BHHRA report is organized as follows to address each of these steps:

e Section 2 — Site Characterization

e Section 3 — Data Evaluation and Hazard Identification
e Section 4 — Exposure Assessment

e Section 5 — Toxicity Assessment

e Section 6 — Risk Characterization

e Section 7 — Uncertainty Evaluation

e Section 8 — Summary and Conclusions

e Section 9 — References.
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Tables and figures for each section are presented at the end of the text. The USEPA’s RAGS Part D tables

are split between report tables and appendices as outlined below.

RAGS PartD | BHHRA Table Number
Table or Location
Table 1 Table 4-1 Selection of Exposure Pathways
Table 2 Tables 3-8 to 3-10 Occurrence, Distribution, and Selection of Chemicals of Potential Concern
Table 3 Tables 4-14 t0 4-18 Exposure Point Concentration Summary
Table 4 Tables 4-2 to 4-11 Values Used for Daily Intake Calculations
Table 5 Table 5-1 Non-Cancer Toxicity Data — Oral/Dermal
Table 6 Table 5-2 Cancer Toxicity Data — Oral/Dermal
Table 7 Appendix F Calculation of Chemical Risks and Non-Cancer Hazards
Table 92 Appendix G Summary of Receptor Risks and Hazards for COPCs
Table 10 Appendix | Risk Summary

a8 RAGS Part D Table 8, Calculation of Radiation Cancer Risks, is not applicable to the NBSA.
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2. Site Characterization

The Diamond Alkali Superfund Site, which borders the Passaic River (Figure 2-1), was added to the
Superfund National Priorities List on September 21, 1984, because of contaminants present at the site and
in the river. Four different operable units (OUs) are associated with the site today and are shown on Figure
2-1: the former manufacturing plant and surrounding properties at 80 and 120 Lister Avenue (OU1), the
lower 8.3 miles of the Passaic River (OU2), the Newark Bay Study Area (NBSA; OU3), and the lower 17
miles of the Passaic River (OU4; USEPA 2016). The NBSA is the focus of this report. As noted, GSH is
conducting an RI/FS for the NBSA. The data and information necessary to complete the BHHRA have been
collected.

2.1 Site Setting

Newark Bay (the Bay) is a 6.3-square-mile enclosed embayment on the western side of the New York/New
Jersey (NY/NJ) Harbor Estuary. The Bay is adjacent to four large cities (Newark, Elizabeth, Bayonne, and
Jersey City), and is fringed on its western side by port facilities, industrial facilities, and Newark Liberty
International Airport. On its northern side, the Hackensack and Passaic Rivers flow into the Bay, while on the
southern side, the Bay is connected to New York Harbor (NY) and Raritan Bay (NJ) through two tidal straits:
Kill van Kull and Arthur Kill, respectively. The NBSA has been defined as the Bay and portions of key
tributaries, including the Hackensack River, Arthur Kill, and Kill van Kull (Figures 2-1 and 2-2). The Passaic
River is not included in the definition of the NBSA, because it is currently being investigated as a separate
OU. However, investigations of the Passaic River and NBSA OUs are being conducted in a comparable
manner and with careful consideration of their linkages for the purposes of CERCLA management decision
making, and broader environmental management considerations (GSH 2019).

Newark Bay is central to one of the most urbanized and industrialized areas in the United States. It has
experienced more than two centuries of environmental degradation that is attributable to many factors,
including shoreline and land development (U.S. Army Corps of Engineers [USACE], 2006), wetlands/habitat
loss, garbage and sewage disposal, dredging and dredged material disposal, and releases of contaminants
from a variety of sources and locations (lannuzzi et al. 2002).

2.1.1 Site Background

The environmental history of the Bay parallels the development of the New York City metropolitan area.
Most shipping and economic development in the 19th century clustered around Manhattan and Brooklyn, but
as the pace of development quickened in the first half of the 20th century, the Bay eventually supplanted
Manhattan as the primary port by mid-century. Over that period, approximately 80% to 90% of the pre-
existing shoreline of the Bay was developed, and ecological habitats correspondingly diminished (lannuzzi et
al. 2002; USACE 2009). A mid-19th century bathymetric map (Hassler 1844) depicts a shallow Bay
(controlling depth less than 10 feet) that was bordered on the west and north by extensive wetlands (GSH
2019).
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The Bay has been the site of myriad industries for more than two centuries (Meyers 1945; Cunningham
1954; Brydon 1974; lannuzzi et al. 2002). The development of the port system required extensive land
development, achieved through “reclamation” of the meadowlands (wetlands) along the Bay and the
Hackensack River during the 20th century. As the area’s population and industrial development grew,
transportation needs increased, and a large network of roads, bridges, airports, and port facilities was
constructed.

The NBSA is known to be contaminated with a wide variety of organic compounds and inorganic chemicals
(i.e., polychlorinated biphenyls [PCBs], polychlorinated dibenzo-p-dioxins and furans [PCDD/PCDFs],
polycyclic aromatic hydrocarbons [PAHSs], pesticides, herbicides, semivolatile organic compounds [SVOCs],
volatile organic compounds [VOCs], inorganics/metals, and other organic compounds). As conceptualized in
Figure 2-1, there are many known sources of contaminants to the Bay, including:

e Industrial discharges

e Publicly owned treatment works (POTWSs), combined sewer overflows (CSOs), storm sewers, and other
non-point sources

e Spills, leaks, and accidental discharges from marine and industrial sources

o Atmospheric deposition and groundwater discharges

e Tributary inputs from each of the sources listed, and transport of re-mobilized legacy sediments from
tributaries.

Existing contamination in the NBSA is primarily from historical and current sources from each of these
categories, which in combination have been released over more than a century, paralleling the urban and
industrial history of the Bay. The relative influence or importance of these various sources is not easily
quantifiable, and likely varies depending on the geographic area, COC group, temporal fate and transport
processes, and the depth of the contaminated sediment layer under consideration. Additional information
regarding sources of contaminants in the Bay is provided in the Report on Investigation of Sources of
Pollutants and Contaminants (Tierra 2006).

2.2 Human Use of the Bay

Human use of the NBSA is primarily industrial and commercial. Recreational use is more limited due to
access limitations from the shoreline types (i.e., bulkhead, bridges, sheet piling, and mudflats) and
surrounding urban/industrial/commercial land use. Access for recreation is through available public access
areas and pleasure boating (i.e., from marinas inside and outside of the NBSA). The likely current and future
human users of the NBSA include recreational users (waders, swimmers, and boaters), anglers/sportsmen,
workers, and residents and transients. These populations may be exposed to contaminants through direct
contact with near-shore sediments and/or surface water during recreational activities, such as fishing,
boating, working, or wading. They may also incidentally ingest contaminants from sediment and/or surface
water during these activities. The most significant pathway by which people may be exposed to
contaminants in the NBSA is expected to be from consuming fish and/or crab. Human use of the NBSA
shoreline is depicted on Figure 2-3 and is categorized as follows (Tierra 2015a):
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e Disturbed Uplands — 18%

e Undisturbed Uplands — 26%
e Industrial/Commercial — 36%
e Recreational — 12%

e Residential — 11%.

Monitoring and research since the mid-1970s have resulted in the State of New Jersey taking several steps,
including consumption advisories, closures, and bans on fish sales, to limit the exposure of the fish-eating
public to toxic contaminants in the Bay. Consumption advisories still exist today in the northeast region of
New Jersey for certain fish species, and the general public is advised not to eat American eel or white perch
from the NBSA. Harvest and consumption of blue crab from the NBSA is banned (NJDEP and NJDOH
2018). There is also an advisory warning the public against any consumption of Newark Bay crab, American
eel, and white perch, and limited consumption of striped bass (four meals per year) and white catfish (one
meal per year) (NJDEP and NJDOH 2018).

Some consumption of fish and crab from the Bay has been reported, despite the advisories and ban (Pflugh
et al. 1999). People catch and consume fish and crab in the Bay, including species identified in the
advisories. This has been reported along the Bayonne waterfront on the eastern side of the Bay; on the
pilings of the Central Railroad of New Jersey/Newark Bay Bridge (also known as Old Bay Bridge), which
was demolished in the 1980s; and at other piers, exposed rocky shorelines, pilings, and docks
(Anglerweb.com, accessed April 27, 2017).
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3. Data Evaluation and Hazard Identification

The purpose of the data evaluation and hazard identification process is two-fold: (1) evaluate the nature and
extent of chemicals present in environmental media in the NBSA, and (2) identify chemicals of potential
concern (COPCs) for further evaluation in the quantitative risk assessment. This step entails compiling and
summarizing the data relevant to the BHHRA and identifying COPCs via a series of screening steps.

3.1 Data Evaluation

Several programs to collect samples of various environmental media have been conducted within the NBSA,
including surface sediment sample collection, surface water sample collection, and collection of fish and
crab tissues (biota). The data evaluated as part of the BHHRA were collected in accordance with USEPA-
approved QAPPs (Crab-Clam QAPP, Tierra 2014a; Fish QAPP, Tierra 2014b; Sediment Quality Triad [SQT]
QAPP, Tierra 2015b; SV-CWCM QAPP, AECOM 2012a), and data reports for each element of the program
have been prepared and submitted (Crab-Clam Data Report, GSH 2017a; Fish Data Report, Tierra 2017,
SQT Data Report, GSH 2017b; Surface Water Report, AECOM 2014). The data sets evaluated as part of
the BHHRA are described below.

Validation of the data was performed according to procedures specified in the applicable QAPPs. Validation
qualifiers were assigned to data based on criteria in the applicable data validation guidelines. All data that
qualified as usable for their intended purposes, including risk assessment, were used in the COPC selection
process, following USEPA (1989) guidance. Data rejected during data qualification (R-qualified) were
excluded from evaluation in the BHHRA; however, data that were non-detect (U-qualified) and estimated (J-
qualified) were included. Tables containing all analytical data used in the BHHRA are included in Appendix
A, as well as a summary of the data validation and findings with regard to data usability in the BHHRA. Data
analysis was performed using R (R Core Team 2018) and Microsoft Excel.

3.1.1 Surface Sediment Data Set

The BHHRA includes surface sediment sample data from the following sampling programs between 2014
and 2015:

e Crab and Clam Sampling and Analysis Program (Crab/Clam) (September—October 2014)
e Sediment Quality Triad and Porewater Sampling and Analysis Program (SQT) (September 2015).

To assess the impact of direct human contact with sediment (dermal and incidental sediment ingestion),
sediment samples at human-accessible points along the shoreline are evaluated. Accessible surface sample
locations are defined in Table 2 of the SQT QAPP (Tierra 2015b; see Attachment A-5 to Appendix A). The
BHHRA includes sediment sample data from 16 accessible locations from the Crab/Clam program (including
1 field duplicate for a total of 17 samples), and 23 accessible locations from the SQT program (including 1
field duplicate for a total of 24 samples) (see Figure 3-1). Additional sediment samples were collected in the
Phase lll Sediment Investigation; however, because none of the locations were considered accessible by
USEPA, no samples from this investigation were evaluated as part of the BHHRA.
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In accordance with the SQT QAPP (Tierra 2015b), each sediment sample was analyzed for contaminants,
including polychlorinated dibenzo(p)dioxins and furans (PCDD/Fs), polychlorinated biphenyls (PCBs) (209
individual congeners and Aroclors), metals (including mercury, methyl mercury, hexavalent chromium, and
titanium), semivolatile organic compounds (SVOCs), polycyclic aromatic hydrocarbons (PAHSs), volatile
organic compounds (VOCs), pesticides, herbicides, butyltins/organotins, total petroleum hydrocarbons
(TPH), ammonia, phosphorus, sulfide, and cyanide.

In the accessible surface sediment samples, several metals were measured using two analytical methods:
cadmium, copper, lead, mercury, nickel, and zinc were measured using both USEPA Method 6010 and
USEPA Method 6020. The HHRA uses only the results from USEPA Method 6020. Table 3-1 identifies the
number of samples analyzed for each contaminant by sampling program and by analytical method. Table 3-
2 identifies the specific sediment surface samples included in the COPC selection process (see Section 3.3).

In 2017, comparison of sediment chemistry results between split samples analyzed by USEPA and Tierra
Solutions, Inc., (Tierra) indicated that Tierra’s results for PCBs and PAHSs in samples from the SQT and
Crab/Clam programs appeared to be biased low (LBG 2017). At USEPA’s request, the sediment samples
were reanalyzed for PCBs and PAHSs after implementing corrective action on the relevant analytical
methods. The results of the reanalysis were considered comparable to USEPA’s results. For the BHHRA,
the original results for PCBs and PAHSs in sediment samples were discarded, and the reanalyzed results
were used in their place.

3.1.2 Surface Water Data Set

The BHHRA includes data from the Small Volume (SV) Chemical Water Column Monitoring (CWCM)
Sampling Program, performed as part of the RI/FS for the Lower Passaic River Study Area (LPRSA)
(AECOM 2014). SV-CWCM sample and data collection were conducted during five rounds of routine
sampling (August 2011, February 2012, March 2012, June 2012, December 2012), and two high-flow
sampling events, when the flow through Dundee Dam was greater than 3,000 cubic feet per second
(February/March 2013, June 2013). Samples were collected at 17 locations throughout the Lower Passaic
River Study Area; however, the HHRA includes samples from only six locations within Newark Bay proper
(see Figure 3-2). (The SV-CWCM also included a low-flow/spring tide sampling event; however, none of the
samples collected during this event were collected from locations within Newark Bay, and they were
therefore excluded from the BHHRA.) Samples were collected from each location at two depths: 3 feet from
the surface and 3 feet from the bottom. To reflect likely human interaction with surface water (i.e., wading,
swimming, or boating), the BHHRA evaluated only samples that were taken at a depth of 3 feet or less
(depth rounded to a single significant figure).

The following table summarizes the number of Newark Bay locations and surface water samples collected
during each sampling event.
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Number of Newark Number of Samples at Depth
Sampling Event Date Bay Locations < 3 feet
Round 1 August 2011 4 16
Round 2 February 2012 5 19
Round 3 March 2012 5 19
Round 4 June 2012 6 19
Round 5 December 2012 5 20
High Flow 1 February/March 2013 5 19
High Flow 2 June 2013 5 19

As documented in the Draft SV-CWCM Report (Table 2-2), not all samples were analyzed for all
contaminants (see also Appendix A, AECOM 2014). The following analytes were monitored in every event:
PCDD/Fs, PCB congeners and homologs, mercury, cadmium, copper, lead, sulfide, and chloride. The
following analytes were monitored in only three routine sampling events and one high-flow sampling event:
SVOCs, VOCs, metals, titanium, methyl mercury, hexavalent chromium, butyltins, pesticides, cyanide,
PAHs, ammonia, and total phosphorus.

For metals and methyl mercury, both total and dissolved-fraction concentrations were measured. Only the
total concentration was included in the BHHRA. Hexavalent chromium was measured as a dissolved-fraction
concentration only; therefore, the dissolved-fraction concentration was included in the HHRA.

PAHs were measured using two different methods: USEPA Method 8270C and a GC/MS-SIM method,
KNOX-ID-0016. The GC/MS-SIM method yields improved detection limits compared to USEPA Method
8270C. When both measurements were available for the same PAH in the same sample, the BHHRA
included only the results from Method KNOX-ID-0016. Otherwise, when only one measurement was
available for a given PAH in a given sample, that measurement was used regardless of method.

The metals arsenic, beryllium, cadmium, chromium, cobalt, copper, lead, nickel, silver, thallium, and zinc
were also measured using two different methods: USEPA Method 6020 and USEPA Method 200.8. Each
sample was analyzed using only one of the two methods. Results were used in the HHRA regardless of
method.

Hexachlorobenzene was also measured using two different methods: USEPA Method 8270C and a modified
version of USEPA Method 1699. The modified version of USEPA Method 1699 results in improved detection
limits; therefore, in samples analyzed using both methods, the BHHRA used only the results from modified
USEPA Method 1699. No samples were analyzed using only USEPA Method 8270C, and there was one
sample analyzed using only modified USEPA Method 1699.
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Table 3-3 identifies the number of samples analyzed for each contaminant by sampling program and by
analytical method. Table 3-4 identifies the specific surface water samples included in the COPC selection
process (see Section 3.3).

3.1.3 Fish and Crab Tissue Data Set

The BHHRA includes data from the crab and fish tissue collection programs conducted in the NBSA. Fish
sampling activities were conducted within the three Newark Bay geographic zones (north, central, and
south) during three fish sampling events: fall 2014, spring/summer 2015, and spring 2016 (see Figures 3-3
through 3-5). Blue crab sampling activities were conducted in September and October of 2014. Blue crab
samples were collected from 12 Intertidal Areas; further blue crab samples were collected from each of the
three Newark Bay geographic zones (eight locations in North, eight locations in Central, and nine locations
in South Newark Bay) (see Figure 3-6).

The HHRA includes data only on fish species from which fillet samples were collected: American eel,
bluefish, striped bass, summer flounder, and white perch. Blue crab tissue samples included separate
muscle and hepatopancreas samples. Although no combined muscle/hepatopancreas samples were
collected directly, combined muscle/hepatopancreas results were calculated mathematically from the
separate muscle and hepatopancreas results for each analyte. Specifically, muscle and hepatopancreas
samples collected at the same location at the same time are from the same crab. Based on an assessment
of these data, it was estimated that 74% of the combined tissue mass for each crab was composed of
muscle, and 26% was composed of hepatopancreas, such that the combined value was a weighted average
of the separate muscle and hepatopancreas values, with weight 0.74 for muscle and 0.26 for
hepatopancreas (see Attachment A-6 to Appendix A). Although blue crab carcass samples were collected,
these were not analyzed as part of the BHHRA, because they are not considered relevant to human
ingestion patterns.

The following table summarizes the number of tissue samples, including field duplicates, collected for each
fish species and crab tissue type.

Number of Number of Field
Matrix Species Tissue Samples Duplicates
Fish American Eel Fillet 18 0
Fish Bluefish Fillet 18 0
Fish Summer Flounder | Fillet 18 0
Fish White Perch Fillet 22 4
Fish Striped Bass Fillet 21 3
Crab Blue Crab Hepatopancreas 37 0
Crab Blue Crab Muscle 37 0
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In accordance with QAPPs (Tierra 2014a, 2014b), fish and crab tissue samples were analyzed for
contaminants that included PCDD/Fs, PCBs (as congeners and Aroclors), metals (including methyl mercury,
mercury, and titanium), SVOCs (including phthalates and alkylated PAHSs), lipids, percent moisture,
pesticides (excluding toxaphene), and butyltins. In fish fillet and crab muscle/hepatopancreas samples, each
analyte was measured using only one method. Table 3-5 identifies the number of samples for each analyte
by analytical method and by fish species or crab tissue type. Table 3-6 identifies the specific fish and crab
tissue samples included in the COPC selection process (see Section 3.3).

For all species and tissues, arsenic was analyzed as total arsenic. Because only the inorganic form of
arsenic is considered particularly toxic to humans, speciation of inorganic/organic arsenic in fish and crab
tissue was estimated as follows: 10% of total arsenic was assumed to be inorganic arsenic, and the
remaining 90% was assumed to be organic arsenic (see Section 5.5.4).

3.2 Hazard Identification

The main purpose of the hazard identification step is to identify COPCs as a subset of all chemicals detected
in each medium (surface water, sediment, and fish/crab tissue). The hazard identification step enables the
chemicals detected in each medium to be divided into two groups:

1. Chemicals that have negligible potential for adverse effects to humans and therefore do not need to
be evaluated further.

2. Chemicals that have potential for adverse effects to humans and therefore require further
evaluation—these are the COPCs.

3.2.1 Summary Statistics

For purposes of COPC selection, data for each medium were summarized, including frequency of detection,
minimum and maximum detected concentrations, and range of detection limits. Details of the approach used
to summarize the data by medium and chemical are provided below. As noted previously, results that were
rejected during data validation (flagged “R”) were not included in the data summary, because these data are
not usable for risk assessment (USEPA 1989). Only a small percentage of the data were rejected, as
discussed in the uncertainty evaluation (see Section 7).

Treatment of co-eluting PCB congeners: Several PCB congeners were identified by the analytical
laboratories as co-eluting congeners (see Table 3-7). Results for these co-eluting congeners represent the
combined concentration for all congeners in the co-eluting set. They are identified in tables of results using
the list of all co-eluting congeners separated by forward slashes, e.g. “PCB-156/157" or “PCB-
86/87/97/109/119/125.”

Treatment of non-dioxin-like PCBs: Non-dioxin-like PCBs (non-DL PCBs) were not evaluated individually

as possible COPCs. Rather, a total value for non-DL PCBs was calculated by summing the reported
concentrations of all non-DL PCBs for each sample. This total non-DL PCB value was assigned qualifier J
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(estimated) if any of the non-DL PCBs had qualifier J or no qualifier; if all of the non-DL PCBs had qualifier U
(non-detect), then the total non-DL PCB value also was assigned qualifier U.

Toxicity equivalence values: For PCDD/Fs, and separately for DL PCBs, toxicity equivalence (TEQ)
values were computed for each sample using two methods. First, USEPA’s Kaplan-Meier TEQ (KM TEQ)
calculator was used (Version 9.1; issued July 2014), which assigns each congener its toxic equivalency
factor (TEF) and sums them, statistically accounting for congeners with measured values below the limit of
detection. As implemented in the KM TEQ calculator, if more than 50% of the KM TEQ is contributed by
samples with U or J qualifiers, then the resulting KM TEQ is assigned qualifier J (estimated); otherwise, the
resulting KM TEQ is assigned no qualifier.

Treatment of duplicates: There were two field duplicates in the sediment data (one from Crab/Clam and
one from SQT investigations), and seven field duplicates in the fish fillet data. There were no field duplicates
in the surface water data or the blue crab tissue data. For COPC identification, field duplicate sample results
were treated as independent samples.

Minimum concentration: The minimum reported concentration for each chemical across all samples was
determined, along with its qualifier (i.e., “U” for non-detect, “J” for estimated detect, or no qualifier for
measured detect).

Maximum concentration: The maximum reported concentration for each chemical across all samples was
determined, along with its qualifier (i.e., “U” for non-detect, “J” for estimated detect, or no qualifier for
measured detect).

Location(s) of maximum concentration: The location identifier(s) for samples with the maximum
concentration were reported. In sediment and biota (fish/crab) data sets, the maximum concentration
occurred at multiple locations; all of these locations were reported as a list. For the fish data set, location
was identified as the geographic zone within Newark Bay (North, South, or Central). For crab data, a general
and a specific location were identified. The general location was the geographic zone within Newark Bay
(North, South, or Central). The specific location was given by the station identifier for the 12 Intertidal Area
locations where a station identifier was available, or by the specific sample number within each geographic
zone for the 25 samples that did not have specific coordinate information for sample location. For surface
water and sediment data sets, the locations were identified using the station identifiers for each data set.

Detection frequency: For each chemical, the percentage of samples in which the measured value was
above the detection limit was reported.

Range of detection limits: For each chemical, the range of reported detection limits across samples was
reported. Detection limit may vary from sample to sample. Importantly, the minimum detection limit does not
necessarily occur in the same sample as the minimum reported co